Increased soil erosion is one of the main drivers of land degradation in East Africa's agricultural and pastoral landscapes. This wicked problem is rooted in historic disruptions to co-adapted agro-pastoral systems. Introduction of agricultural growth policies by centralised governance resulted in temporal and spatial scale mismatches with the complex and dynamic East African environment, which subsequently contributed to soil exhaustion, declining fertility and increased soil erosion. Coercive policies of land use, privatisation, sedentarisation, exclusion and marginalisation led to a gradual erosion of the indigenous social and economic structures. Combined with the inability of the new nation-states to provide many of the services necessary for (re)developing the social and economic domains, many communities are lacking key components enabling sustainable adaptation to changing internal and external shocks and pressures. Exemplary is the absence of growth in agricultural productivity and livelihood options outside of agriculture, which prohibits the absorption of an increasing population and pushes communities towards overexploitation of natural resources. This further increases social and economic pressures on ecosystems, locking agro-pastoral systems in a downward spiral of degradation. For the development and implementation of sustainable land management plans to be sustainable, authorities need to take the complex drivers of increased soil erosion into consideration. Examples from sustainable intensification responses to the demands of population increase, demonstrate that the integrity of locally adapted systems needs to be protected, but not isolated, from external pressures. Communities have to increase productivity and diversify their economy by building upon, not abandoning, existing linkages between the social, economic and natural domains. Locally adapted management practices need to be integrated in regional, national and supra-national institutions. A nested political and economic framework, wherein local communities are able to access agricultural technologies and state services, is a key prerequisite towards regional development of sustainable agro-pastoral systems that safeguard soil health, food and livelihood security.
Introduction
Soil resources in many agricultural and pastoral landscapes of East Africa's inter-lacustrine countries of Burundi, Kenya, Rwanda, Uganda and Tanzania are rapidly being depleted by increased erosion, contributing to widespread land degradation, which threatens food security, water security and livelihood security in the region (Blaikie and Brookfield 2015; Lal 2001; Oldeman 1992; Pimentel 2006) . Multiple environmental studies have pointed to an acceleration of surface and gully erosion and a general overshoot of soil erosion over soil production leading to a decreased agricultural productivity, pollution of water bodies and ecosystem degradation. The main cause for this accelerated erosion is often attributed to the loss of permanent vegetation through land use change (Fleitmann et al. 2007; Kiage 2013; Maitima et al. 2009; Wynants et al. 2018) . While environmental studies provide the much-needed base to understand soil erosion problems, they fail to explain the socio-economic drivers of unsustainable land use change (Ananda and Herath 2003; Blaikie and Brookfield 2015) . The population in East Africa has experienced an exponential growth from an estimated 6-12 million in the 20s (Anderson 1984; Trewartha and Zelinsky 1954 ), 24 million in 1950 , 56 million in 1980s to 173 million in 2017 (UNDESA 2017 . However, scapegoating the problem to overpopulation and overexploitation of natural resources lacks understanding of the complex human-environment interactions and can potentially fuel detrimental policies Kiage 2013; Lambin et al. 2001) .
Soils and ecosystems evolve together through a mutual interdependence on the balance between soil erosion and soil production (Montgomery 2007) . Multiple biophysical factors naturally interlink to influence the intensity of soil erosion, but we will classify them in four major groups: (i) slope, (ii) climate, (iii) vegetation and (iv) soil characteristics. East Africa is one of the most active geological areas in the world, which has sculpted the region with a distinct topography. The effects of slope are multiple; however, in general, any neutral movement of soil particles through rain impact or others will be influenced by gravity hence move downward (Morgan 2005; Vanmaercke et al. 2014 ). More importantly, precipitated water has less time to infiltrate the soil and flowing water will move more rapidly on steeper slopes. This gives rise to higher amount and rapid flow of runoff which subsequently has a higher energy to erode the land (Morgan 2005; Poesen et al. 2003) . The effect of climate is closely linked with the rainfall amount and intensity. Most areas in East Africa are characterised by a semi-arid climate with a dry season and one or two rainy seasons. During the rainy season, the rain falls in short but intensive downpours and the rainfall erosivity of these events can be very high (Moore 1979; Nicholson 1996) . Coupled to climate is the role of vegetation, which buffers the rainfall and water flow energy through covering of the soil, the anchoring effect of its roots and generally improving the soil structure (Greenway 1987; Thornes 1990) . Due to the delayed response of vegetation growth to rainfall, there is nothing to buffer the erosional energy of the first rains. This causes the wash erosion potential to be very high in the beginning of the rainy season (Kirkby 1980) . Besides intra-annual seasonality, the East African climate is also characterised by high inter-annual variability, with dry and wet years or periods (Nicholson 1996) . The ecosystems are thus not static but in a constant disequilibrium, where concepts of climax vegetation and carrying capacity do not apply. These disequilibrium ecosystems are naturally much more vulnerable to soil erosion due to the discrepancies between stabilising vegetation and rainfall (Kiage 2013; Little 1996; Ngecu and Mathu 1999; Sullivan and Rohde 2002) . Differences in soil structure, soil chemistry and soil texture naturally influence the erosion vulnerability of an area (Lal 2001; Morgan 2005) . Many soils in semi-arid East Africa are particularly vulnerable to detachment processes because of a low organic matter content and weak aggregate stability. Furthermore, these soils generate more runoff through the high prevalence of crusting and overall weak structural development Nishigaki et al. 2017) . In short, due to the interaction between a distinct sloped topography, high rainfall erosivity, disequilibrium vegetation and fragile soils, catchments in East Africa naturally have high sediment yields (Vanmaercke et al. 2014; Walling and Webb 1996) .
Human societies are an integral part of the balance between soil erosion and soil production. So even though soil erosion is a physical process, its underlying causes are also firmly rooted in the social, economic and institutional environment in which land users make decisions (Ananda and Herath 2003; Blaikie and Brookfield 2015; Boardman et al. 2003 ). On the most direct level of interaction between anthropogenic and biophysical factors, prime locations and modes of farming in East Africa coincide with areas of high vulnerability. One example is that precipitation and soil fertility are often linked to altitude, with more suitable areas for agriculture in sloped highlands (Kurukulasuriya and Mendelsohn 2008; Trapnell and Griffiths 1960) . Moreover, farmers often solely depend on rain for watering their crops, whereby they time the planting during the beginning of the rainy season (Barron et al. 2003; Traerup and Mertz 2011) , leaving the fields exposed to the full force of torrential rains (Thornes 1990 ). However, East Africa's agro-pastoral systems are shaped by millennia of coadaptation, reciprocal influencing and feedback mechanisms between communities and ecosystems. It is argued that agropastoral communities could only persist by developing systems which were able to conserve or improve the soil properties (Berkes et al. 2000a; Gual and Norgaard 2010; Lang and Stump 2017; Tengö and Hammer 2003; Widgren and Sutton 1999) . In this review, the drivers of increased erosion rates in East Africa are studied through the lens of the three domains of sustainable development: natural, social and economic (Brundtland 1987; Griggs et al. 2013) , and their interactions in complex adaptive agro-pastoral systems as illustrated by Fig. 1 (Berkes et al. 2000b; Gual and Norgaard 2010; Liu et al. 2007 ). The natural domain can be bluntly described as Earth's life support system (Griggs et al. 2013) . In this study, it is specifically used to describe the interlinking of soils and vegetation in ecosystems providing regulatory, supporting and provisioning services to the communities (Costanza et al. 1997) . The social domain in agro-pastoral systems is arguably the most complex as it is used as an umbrella term to describe social, cultural and governance structures. In this study, it is described as environmental and agronomic knowledge, education, mobility, social networks, culture and norms, but also how and to what degree these factors are embedded in adaptive resource management and governance structures through political representation (Berkes et al. 2000a; Pretty 2003; Rammel et al. 2007 ). The economic domain constitutes human-produced goods, which in this context of agro-pastoral systems mostly refers to crops and livestock outputs aimed for the market. It thus also represents communities' access to land, fertilisers, seeds and livestock varieties and agricultural technologies needed for the production of those goods. Furthermore, it also comprises infrastructure and access to market structures to exchange the produced goods for capital, which communities can use to increase wellbeing or invest in increasing productivity (Kelly et al. 2015; Tittonell and Giller 2013) . The sustainability of agro-pastoral systems is dependent on how these domains interact. Changing internal and external shocks and pressures influence the balance between the natural, economic and social domains. By describing the situation as unsustainable (e.g., the natural domain is degrading), an overview is needed on the historical disruptions to East Africa's agro-pastoral systems leading to current crisis. Additionally, an analysis is needed to illustrate how the three domains currently interact to drive increasing rates of soil erosion (Kelly et al. 2015; Wilson 2012) .
Disruption pathways to degradation
Understanding problems of land degradation driven by increased soil erosion thus not only requires a complete understanding of contemporary social, economic and political drivers, but also the history of disruptions to those factors leading to the current degraded state (Koning and Smaling 2005; Montgomery 2012; Stump 2010) . East Africa is a divers region with a complex history, and this review does not attempt to generalise. Instead, we try to give an overview of the disruption history in the region without losing the importance of specific local conditions and outcomes.
Indigenous agro-pastoral systems
The first European explorers of the savanna plains and tropical highlands of East Africa describe 'pristine' natural environments, where 'primitive' human societies were 'in the defensive' against forces of nature on which they had little impact (Stanley 1889; Thompson 1887; von Höhnel 1894) . Contrary to those reports, pre-colonial East African systems were characterised by millennia of reciprocal influencing and coevolution between human societies and ecosystems. Humans had a substantial influence on their environment, which does not mean that pre-colonial agro-pastoral systems never Fig. 1 A schematic representation of East Africa's agro-pastoral systems structured by internal interactions between social, economic and natural domains, which are in turn influenced by external pressures, possibly altering the balance in the system collapsed through human or natural disasters (Marchant et al. 2018; Stump 2010; Widgren and Sutton 1999) . Additionally, the division of the African population into static tribes or ethnic groups is a colonial construct rather than something inherent to African societies. The tribal structures known today are in reality conglomerates of peoples, who had previously been carriers of different cultural identities (Klopp 2001; Lema 1993; Spear and Waller 1993) . Instead, the history of the region is characterised by the spread and changing influence of major African groups, Arabic sultanates, trading networks and slave trade, which influenced land use, politics, culture and economy. Some of these cultures developed into kingdoms and even empires, with dynamic spheres of influence. These population movements and the amalgamation of different peoples have taken place in East Africa since time immemorial (Iliffe 1979; Mamdani 2018; Marchant et al. 2018; Thornton 1980) . Agro-pastoral systems in East Africa thus not only had to adapt to changing environmental conditions but also to changing pressures from externally imposed governance systems, migration, trade and culture (Jones 1980; Leach and Mearns 1996; Spear and Waller 1993; Stump 2010) . Therefore, we will use the terminology 'indigenous' and specify modes of land use and land tenure when describing communities. What is 'indigenous' is thus not static but a fluid concept of thousands of years of co-evolution between dynamic societies and a dynamic environment (Bruce 1988; Reij et al. 2013) .
Most pre-colonial agricultural zones developed in naturally forested areas, but due to the strong dependence on forest ecosystem services, indigenous communities developed a 'conservation ethos', where natural ecosystems were valued for provision, regulating and supporting services. This often led to communal usage and conservation of those ecosystems with strong local controls to safeguard continued services (Conte 1999; Haugerud 1989; Lawi 2002; Tengö and Hammer 2003; Thornton 1980) . In response to the challenging East African conditions, farming systems developed in a way to build and sustain productive soils (Lang and Stump 2017; Widgren and Sutton 1999) . For example, intercropping in fertile and wet areas, where a permanent and extensive cover with multiple crop types protected the soil from erosion and regenerated the productivity, as well as providing farmers a more divers output secured from crop failures. Farmers also improved and conserved the soil base and water availability by investing labour to build terraces, cut-off drains, contour ploughing, applying manure, mulching, rotating crop types and selecting crop types suitable for the specific location (Reij et al. 2013; Snyder 1996; Tengö and Hammer 2003; Widgren and Sutton 1999) . In these areas of permanent production, households usually had customary rights to plots of land, which was transferable to sons (Bruce 1988; Migot-Adholla et al. 1991; Snyder 1996) . Shifting cultivation was dominant in less fertile areas, where there was a need to shift the location of farm plots in order to regenerate soil fertility naturally by periods of fallow. In these shifting cultivation systems with lower fertility and higher land abundance, indigenous tenure systems leaned more towards communal control but even then, farmers typically had secured use and inheritance rights through investment of labour or capital, even on the fallow lands (Bates 1986; Bruce 1988; Migot-Adholla et al. 1991; Morgan 1969) . Only in areas unsuitable for cultivation due to environmental unpredictability, such as the savanna grasslands, complete communal usage of land was beneficial, as communities needed large areas for grazing and mobility to adapt to variable climatic conditions. In these pastoral systems, communities often adapted a nomadic existence following the rains with their herds (Little 1996; Warren 1995) . Evidence suggests that these pastoral communities nonetheless developed elaborate management strategies for the communal lands, which were enforced through strict social norms and cultural traditions (Darkoh 1989; Fratkin 1986; Lawi 2002; Migot-Adholla et al. 1991; Niamir-Fuller 2000; Roth 1996) . In all cases, social networks were a vital part of indigenous communities to buffer for droughts, labour or capital shortages (Migot-Adholla et al. 1991; Odgaard 2002; Tengö and Hammer 2003; Widgren and Sutton 1999) . Additionally, the indigenous land use and tenure systems were not static but adapted to changing conditions, both natural as anthropogenic, from inside or outside the agro-pastoral system (Bruce 1988; Cohen 1980; Migot-Adholla et al. 1991) . Historical records suggest that land tenure and land use demonstrated remarkable flexibility in adapting to new farming technologies, climate fluctuations, land opportunities, population increase or methods of exchange long before the colonial period (Bates 1986; Haugerud 1989; Jones 1980; Morgan 1969; Ruthenberg and Jahnke 1985; Snyder 1996) . Indigenous agro-pastoral systems in East Africa thus have to be characterised as dynamic points along a continuum depending on the local environmental, social and economic conditions influencing the extent and patchwork constitution of settlements with permanent intercropping and/or shifting cultivation areas, natural or human-created grasslands, primary forest and recovering secondary forest. Even though it is generally accepted now that these early European reports were motivated by racial and political prejudices, they nonetheless formed the justification of the colonial policies of intervention in human-environment relations in East Africa (Coulson 1981; Leach and Mearns 1996; Stump 2010 ).
The colonial disruption
The colonial rule subjected all of the inter-lacustrine East African countries from the end of the nineteenth century continuing for the greater part of the twentieth century. While the policies were not static and greatly differed between the territories, they had in all cases major impacts on indigenous farming and pastoral systems (Anderson 1984; Blaikie 2016; Kjekshus 1996) . The major driver behind these changes was that the colonial state acted to alter human-environmental relationships within western systems of market-led agricultural and resource management. Colonial policies were enforced from a centralised power structure, replacing the more localised indigenous management (Anderson 1984; Smith 1989) . While the indigenous land use and land tenure systems were flexible and dynamic, the new colonial rules imposed rigid legal systems distinguishing between private, public and government land (Bruce 1988; Haugerud 1989; Migot-Adholla et al. 1991) . Colonial powers also altered indigenous power structures by using chiefs and royals to coerce communities into certain land use, livestock and crop types. Farmers and pastoralists entered the modern economy as producers, but were also forced to pay taxes and buy certain goods and services (Anderson 1984; Coulson 1981; Glazier 1985; Mackenzie 1989; Smith 1989; Tosh 1973) . Combined with coerced changes in land use was the large-scale exclusion out of previously communal forest and grazing lands, which were repurposed for private farming, conservation, hunting reserves or forestry. The most productive land was attributed to the state and European settlers, implementing large-scale plantations and monocultures for export. In the process, local smallholder farmers were forced to move to less productive land or work on the plantations (Conte 1999; Kjekshus 1996; Sandford 1919; Sorrenson 1968 ). Both policies led to a large-scale shift to 'cash crops' of interest to the colonial powers, such as coffee, cotton, rubber and tea, replacing the more diverse selection of food crops (Jones 1980; Kjekshus 1996; Smith 1989) . A direct consequence of the centralised agricultural intensification in the diverse and dynamic East African agro-pastoral systems was that areas under years of monocropping regimes and intense grazing were experiencing soil exhaustion, declining fertility and severe erosion (Anderson 1984; Coulson 1981) . Indigenous farmers and pastoralists were shunted and confined to marginal areas where they struggled to adapt to the unfamiliar and constricted ecological space, often leading to land degradation and famine (Homewood 1995; Kjekshus 1996; Little et al. 2008; Rutten 1992) . Another, indirect, result of this exclusion from previous communally managed pasture and forest land, was a shift from communal land tenure to permanent cultivation as a way to stake claim, where no dispute of ownership was possible. As this process often involved clearing the land of trees and other ecosystem goods deemed valuable for the colonial state, exclusion out of forest and nature reserves thus had the perverse effect of crushing any indigenous impetus towards conservation and often led to increased land degradation outside these conservation centres (Conte 1999; Homewood 1995; Rutten 1992) . Perversely, these effects of exclusion were in term used to argue and implement further exclusion and stricter regulations (Anderson 1984; Blaikie 2016; Hodgson 2011; Sendalo 2009 ).
From an economic development perspective, the instalment of an export-based economy also opened up opportunities to link certain cash-crops to the global market, where farmers could build up economic capital and invest that into better practices. Additionally, the introduction of pesticides, high-yield crop and livestock varieties, mineral fertilisers (post-WW2) and agricultural technologies also offered opportunities to increase the productivity (Boserup 2017; Jones 1980; Migot-Adholla et al. 1991; Ruthenberg 1968; Smith 1989) . Whether regions are argued to have developed or have been exploited by colonial rule, the enormous impacts it had on agro-pastoral systems in East Africa cannot be ignored. Historical evidence suggests massive shifts in social organisation, political power balances, agricultural production, land tenure and economic systems, ultimately leading to changing interactions between humans and the environment (Botte 1985a, b; Cochet 2003; Hydén 1980; Kjekshus 1996; Rodney 1972; Smith 1989) .
Post-independence disruption
Many of the post-independence issues regarding unsustainable land management can be attributed to the erosion of indigenous social structures during the colonial period, combined with the sudden release from the strict colonial rules into the chaotic new nation-states as illustrated in Fig. 2a . Good examples of this come from the Usumbara mountains in Tanzania, described by Conte (1999) and Enfors and Gordon (2007) , where the process of losing the 'indigenous' conservation ethic during colonial time, combined with increasing population pressures and a sudden release from colonial forest enforcement, led to uncontrolled exploitation and encroachment in the years following independence. As the farmers demand for arable land was a major rallying point during independence struggles, the newly found Tanzanian state (then still known as the republic of Tanganyika, but we refer to Tanzania throughout this paper for simplicity) had difficulties refusing claims for agricultural land. Reports following this conversion of forest to cropland in Usumbara describe rapid decreases in soil quality, increases in sheet erosion and more extreme hydrological conditions with droughts and flash floods. These resulted into rapid degradation of the new farmland, where the farmers often abandoned their newly gained plots after a couple of years (Conte 1999; Lundgren 1978; Lundgren and Lundgren 1979) . Other examples are related to soil conservation measures, such as terraces, mulching and tree cover, which were enforced by the colonial government and subsequently formed the basis of 'nationalist' movements in Kenya, Uganda and Tanzania. In the early years after independence, most farmers were not willing to adopt these soil conservation measures because political officials denounced them during independence struggles, which made it difficult to enforce soil conservation by the new nation. As a result, agricultural systems aimed for soil conservation started to break down, leading to systematic degradation and loss of agricultural land (Anderson 1984; Cliffe 1970; Mung'ong'o et al. 1995; Throup 1987) .
Fundamentally, post-independence issues regarding unsustainable land management have their roots in the colonial period because the new nation-states were built on colonial laws, policies, borders and western notions of economic growth. Just as the colonial governments, the post-independence centralised policies lacked the complexity and adaptability of local co-evolved agro-pastoral systems, often leading to economic growth strategies which degraded the natural resources as illustrated in Fig. 2b (Hydén 1980; Kjekshus 1977; Lane and Pretty 1990; Ruthenberg 1968; Smith 1989) . One of the most interesting cases comes from the Tanzanian 'Ujamaa Vijiji' (villagisation) policy, where people of previously different identities were forced to live in a village nucleus with communal production to build up the Tanzanian national identity and economy (Hydén 1980; Kikula 1997; Kjekshus 1977; Lawi 2007) . When enforced these policies disrupted the locally co-adapted agro-pastoral systems greatly. The poor location of many villages regarding water provision, soil productivity and grazing capacity prohibited the instalment of sustainable agricultural practices. Additionally, the forced sedentarisation of previously nomadic pastoralists increased the grazing pressures enormously around the village nucleus. Moreover, lack of any land tenure security halted the production of perennial cash-crops and capital investments in farms. A lot of studies found that due to the complete imbalance between the newly formed 'Ujamaa' communities and the alien environment, systems often spiralled towards land degradation (Coulson 1981; Ellman 1975; Hydén 1980; Kikula 1997; Kjekshus 1977; Lawi 2007; Sendalo 2009 ). The antipode to 'Ujamaa vijiji' is the effects of liberalisation and globalisation of the markets, which happened in all East African countries but on different timelines and scales (Bryceson 2002) . East African governments have continued the exclusion of smallholder farmers and pastoralists from their land, which are being repurposed for game reserves and private agricultural enterprises under the guise of conservation and economic development (Bluwstein et al. 2018; Desta and Coppock 2004; Homewood et al. 2004; Lane and Pretty 1990) . Combined with the enforcement of administrative boundaries and sedentarisation policies, this has led to a decrease in the mobility of pastoralist communities, disrupting systems of rotational grazing and adaptability to rainfall fluctuations (Fratkin and Roth 2006; Homewood 1995; Little et al. 2008; Sendalo 2009 ). This systematic erosion of social and economic structures in agro-pastoral communities through loss of access to land and natural resources, social organisation, knowledge and mobility often led to increased Fig. 2 Conceptual pathways of degradation and co-adaptation in East Africa's agro-pastoral systems. Circle sizes illustrate the benefits generated for the agro-pastoral systems by the interactions of the domains. a Collapse of natural resources is preceded by a gradual erosion of social structures necessary for sustainable resource management. The horizontal dashed line illustrates the ecological tipping point and the vertical dashed line the hypothetical social threshold where after communities lack the social structures to internally manage natural resources and co-adapt to external pressures. Natural differences in productivity and predictability are represented by the different starting points. The circular arrows illustrate the adaptive capacity of systems with a well-developed social domain to higher or sustained high productivity. b A conceptual interaction between the natural and economic domains. If economic production is increased by degrading natural resources, ecosystems will move towards a tipping point, after which both collapse. Communities with a welldeveloped social domain can, however, sustainably intensify production without degrading the natural domain, as illustrated by the co-adaptation arrow pressures on the available resources. Overexploitation of vegetation and soil resources combined with the lack of nutrient input and time to recover has contributed greatly to increased rates of soil erosion and ultimately land degradation (Ruttan and Borgerhoff Mulder 1999) . Exactly as during the colonial period, the latter is being used as an argument to intensify policies of exclusion and coercing change (Fratkin and Roth 2006; Hodgson 2011; Homewood 1995; Rutten 1992 ).
Contemporary drivers of increased soil erosion
During previous chapter, an overview on the historical disruptions to East Africa's agro-pastoral systems is given, where it is argued that indigenous social and economic structures gradually eroded following external disruptions. This chapter will explore how underdeveloped social and economic domains in East Africa drive the increased rates of soil erosion, where a distinction is made between four major pressures: (i) poverty, (ii) population growth, (iii) governance and political representation and (iv) land rights and land access.
Poverty
Africa's rural poor are heavily dependent on natural resources for survival, have limited access to capital, fertilisers and technology and thus cannot invest in improved land management. Hence, poverty is a major driver of soil degradation (Boserup 2017; Tittonell and Giller 2013) . One example is that poor East African farmers tend to raise row monocrops, such as maize, because of the low investment, quick return and predictable market values, even though the soil is highly susceptible to erosion under these cover types (Barron et al. 2003; Blaikie and Brookfield 2015; Salami et al. 2010) . Another example is that most of the rural poor rely on wood and crop residues for building, fodder and fuel. This results in the overharvesting of biomass from natural and agricultural ecosystems, which otherwise would protect the soil from erosion (Barrow 1991; Enfors and Gordon 2007; Hiemstra-van der Horst and Hovorka 2009) . In addition to the rural areas, the growing demand for charcoal in East Africa's urban areas is driving degradation of forests and woodland in the entire region (Hofstad 1997) . However, what constitutes poverty in East Africa is beyond modern notions of income, expenditures and monetary capital, especially for pastoralist communities. Defining poverty in East Africa's agro-pastoral communities needs better understanding of the changing assets available to households, which can be tangible such as livestock or land, but also non-tangible such as social networks and mobility (Little et al. 2008) . Poverty can thus better be described as the lack of assets available to households to obtain a satisfactory standard of living, and is often a result of the underdevelopment of both the social and economic domains in communities. This often forces communities to have an unsustainable reliance on the available natural resources. In next sections, we will explore factors which currently contribute to this underdevelopment.
Population growth
Linked to poverty are the effects of population growth, which often operate in a tandem. An increasing population results in more mouths to feed, but also more livelihoods to find (Korotayev and Zinkina 2015) . A distinction is made between two possible responses to population growth: an unsustainable population-led and a sustainable intensification response. Which of these responses will dominate depends on the local interactions between the natural, social and economic domains in agro-pastoral systems as illustrated by Figs. 1 and 2 (Ananda and Herath 2003; Boserup 2017; Lele et al. 1989 ). The population-led response locks growing communities into a continuous spiral of increasing exploitation of soil resources, which ultimately prohibits development of sustainable agropastoral systems. Currently, an estimated 75% of East Africans are dependent on agriculture or pastoralism and without livelihood diversification, the next generation will be forced to find their livelihood in these sectors as well (Jayne et al. 2014; Korotayev and Zinkina 2015) . There is ample evidence for the population-led response where increased competition for land following a population boom pushes farmers to smaller and/or unsuitable farming areas and increases grazing pressures on rangelands. This disrupts system of nomadic pastoralism, shifting cultivation and intercropping towards more unsustainable practices with low investment and quick reward (Bryceson 2002; Fratkin and Roth 2006; Kiage 2013; Odgaard 2002; Rufino et al. 2013; Western et al. 2009 ). In communities with underdeveloped social and economic domains, population increase is thus a major driver of increased rates of soil erosion (Tittonell and Giller 2013) . Vice versa, in the sustainable intensification response, population pressure promotes more favourable technological and organisational innovation that not only increases productivity but also preserves other ecosystem services (Ananda and Herath 2003; Bernard and Lux 2017; Boserup 2017) . Examples from sustainable intensification responses in African systems demonstrate communities' potential to adapt to increasing population pressure by investing in soil conservation methods, allowing a sustainable increase in productivity and revenues (Barbier 1998; Matlon and Spencer 1984; Tengö and Hammer 2003; Tiffen et al. 1994; Turner et al. 1993) . Even though the latter examples of communitydriven sustainable intensification highlight the adaptive capacity when the social and/or economic domains are well developed, it is argued that in areas of East Africa where the population-led response dominates, the only way to escape this poverty and population-driven degradation is by external intervention aimed at decreasing human fertility through family planning, compulsory secondary education and rise of the legal marriage age (Korotayev and Zinkina 2015) , combined with increasing agricultural productivity, market access and diversifying the livelihood possibilities outside agriculture (Koning and Smaling 2005; Pretty et al. 2006 ).
Governance and political marginalisation
This call for external intervention to escape the poverty and population trap leads us to the role of governance, whereby the rate of institutional adaptability relative to environmental dynamics is crucial regarding land and soil management (López 1997 ). If population-driven environmental change dominates institutional dynamics, then soil erosion will be exacerbated, while if it is the other way around, new institutions that protect the land will emerge (Ananda and Herath 2003; López 1997) . This means that strong governments (either local or centralised) have to impose regulations in order to adapt to the increasing pressures without damaging the soil. When this does not happen because of spatial and/or temporal mismatches between policy development and the environmental dynamics, irreversible damage to the land base can occur (López 1997) . In that aspect, the centralised governments in most of East Africa's young and developing nationstates have not succeeded to develop and/or implement adequate land management strategies to safeguard the soil base in comparison with the local 'indigenous' systems (Ananda and Herath 2003; Blaikie 2016) . However, powerful institutions can also have a perverse effect, when they only focus on increases in productivity and fail to consider the 'damage costs' of certain farming practices. When institutions distort the market by subsidies, tax exemptions, guaranteed prices or protectionist policies, farmers respond to these changing price incentives by changing their crops. Some of these encouraged farming practices or crops may be inherently in high risk in terms of generating runoff and erosion (Boardman et al. 2003; Koning and Smaling 2005; Myers and Kent 2001; Ostrom 2009 ). Furthermore, this simplistic classification of weak or strong institutions fails to describe the intricacies of the contemporary East African political systems, which are plagued by corruption and the apparent lack of democratic responsibility to provide services that are deemed central to the modern state (Chabal 2013; Hodgson 2011; Klopp 2001) . Topdown exploitation of producers by the bureaucratic and political elite creates a negative impetus towards any form of investment in sustainable growth, as the rewards will be taken away (Blaikie 2016; Lopez and Mitra 2000) . Moreover, the lack of access to basic state services, such as roads, education, technology and electricity, prohibits communities to develop (Ananda and Herath 2003) . Democratic involvement and political representation are thus a key element in protecting or developing strong social and economic structures. Due to the lack of accountability of the political system towards certain communities, some policies are downright exploitative, increasing poverty, inequality and food insecurity (Chabal 2013; Homewood et al. 2004) . Even when government intervention has noble intentions, the lack of local involvement in the process of formulating and executing land management strategies may have perverse effects, often leading to management solutions incompatible with the local environment. The political marginalisation of local communities is therefore one of the main drivers of increased rates of soil erosion and environmental degradation in East Africa (Blaikie 2016; Homewood et al. 2004; Klopp 2001) .
Land rights and land access
Following this description of marginalisation, we move to issues regarding land rights and land access in East Africa. The different post-independence nation-states in East Africa have pursued different directions in land policy. For example in Kenya, private property rights were gradually introduced from 1956, while in Tanzania, all land is state-owned, where individuals use land as tenants and the purchase, sale and rental of land are limited within boundaries of the state (Pinckney and Kimuyu 1994) . Multiple studies in East Africa have set out to test the effects of these different land tenure systems on agricultural development and inequality but found little or no impact of land titling on investment, nor increased land inequality (Atwood 1990; Bruce 1988; Haugerud 1989; Migot-Adholla et al. 1991; Pinckney and Kimuyu 1994) . However, they did found that agricultural communities have held on in different degrees to indigenous land tenure arrangements, which both provide community control, as well as security for investment and have strong impacts on land markets, even when the latter are no longer in effect according to the law (Haugerud 1989; Migot-Adholla et al. 1991; Odgaard 2002; Pinckney and Kimuyu 1994) . Due to the introduction of modern land tenure laws combined with the partial conservation of indigenous tenure systems, East African communities currently have a complicated mixture of both indigenous (customary) and formal (modern) land rights (Haugerud 1989; Migot-Adholla et al. 1991; Odgaard 2002; Pinckney and Kimuyu 1994) . Under increasing land scarcity, conflicts of land are increasing between individuals who obtained land rights through the different mediums. Often the most powerful and educated people can best navigate the complex maze of bureaucracy and customary rights, leading to increased inequality. In these cases, land conflicts through the presence of two tenure systems decrease land security, which in turn decreases capital and labour investments on farmland. That way, decreasing land security can contribute to unsustainable management of soil resources in agricultural areas (Bluwstein et al. 2018; Odgaard 2002) .
While agricultural systems are under pressure, communal usage of land and resources, which is vital for pastoral communities, is heavily threatened by policies of privatisation and exclusion justified by misconceptions on common land management (Bluwstein et al. 2018; Homewood et al. 2004; Western et al. 2009 ). Degradation of communal lands is often portrayed as a classic example of 'the tragedy of the commons', where an ever increasing competition between the users of these lands drives its degradation. In these sharedresource systems, individual users act independently according to their own self-interest and thus behave contrary to the common good of all users by depleting that resource through their collective action (Hardin 1968; Ostrom 2000) . However, as argued in previous chapter, historical evidence suggests that indigenous pastoral communities developed effective systems of managing common resources in the long-term interest (Ellis and Swift 1988; Niamir-Fuller 2000; Ruttan and Borgerhoff Mulder 1999; Spear and Waller 1993; Sullivan and Rohde 2002) . Additionally, there are multiple contemporary examples of successful common land management, if the institutions governing these lands are successful in imposing regulations (Feeny et al. 1990; Ostrom 2000) . Pastoral livelihood strategies co-evolved with the unpredictable East African environment where mobility and a sufficient livestock herd acts as a buffer against droughts (Niamir-Fuller 2000; Roth 1996; Spear and Waller 1993) . External imposed limits to livestock numbers and mobility thus threatens pastoral livelihood security and food security (Little et al. 2008; Rufino et al. 2013; Ruttan and Borgerhoff Mulder 1999) . The problem starts when these indigenous managing systems are disrupted due to internal and external pressures such as population growth, migration, sedentarisation, marginalisation, privatisation and exclusion (Anderson 1984; Fratkin and Roth 2006; Homewood et al. 2004; Western et al. 2009 ). Therefore, it is argued that when indigenous local arrangements lost influence and/or were replaced by centralised government, the common land tenure regimes gradually converted into open access in which the rule of capture drove each to grab as much as possible before others did. The reality of overgrazing of communal lands can thus best be described as the 'tragedy of open access' rather than 'tragedy of the commons' (Darkoh 1989; Lawi 2002; Migot-Adholla et al. 1991; Roth 1996) . Similarly, deforestation following the disappearance of indigenous communal conservation regimes and the collapse or lack of strict state enforcement can be explained as a tragedy of open access (Conte 1999; Enfors and Gordon 2007) .
Conclusion
Even though the pathways to degradation differ a lot in the social, economic and environmental setting, the general pattern is very similar. The thread that links the East African history of land management from pre-colonial times to current conditions can be summarised as the blindness of the modern state, both colonial and post-independence, to the complexities of the locally co-adapted agro-pastoral systems. Key to this is the top-down introduction of interventionist agricultural policies within western notions of economic growth and societal development. Temporal and spatial mismatches between centralised agricultural policies and the divers and dynamic East African environment often directly led to soil exhaustion, decrease of productivity, increased rates of erosion and ultimately the depletion of soil resources. More importantly, indigenous communities were and still are politically marginalised and systematically excluded out of vast areas repurposed for large-scale agriculture, private ranches or conservation under the guise of development. These policies gradually eroded the indigenous social and economic structures and the post-independence East African nation-states are struggling to provide access to key services which are needed to (re)develop them. Impacted communities have difficulties adapting to changing pressures and sustainably manage their natural resources because of the underdevelopment of both social (social networks, political representation, agronomic and ecological knowledge, education, mobility) and economic (land rights and land access, capital, market access, infrastructure, fertilisers, agricultural technologies) domains. A lack of strong social and economic structures impedes communities to adapt to the increasing demands of a booming population. Exemplary to this is the absence of growth in agricultural productivity and livelihood options outside agriculture, which forces communities to degrade and overexploit natural resources. Decreasing natural resources further increases social and economic pressures on ecosystems and this positive feedback locks the system in a pathway to degradation. For the development and implementation of sustainable land management plans to be sustainable, authorities need to take the complex historical and contemporary drivers of increased soil erosion and land degradation into consideration. While modern technologies such as fertilisers and improved crop varieties are essential for increasing agricultural productivity, providing access to modern technologies alone will not solve the current crisis in East Africa. Examples from sustainable intensification responses to population growth highlight the adaptive capacity of communities with a well-developed social domain to increase economic production without compromising continued usage of natural resources. For agro-pastoral systems to follow this sustainable intensification trajectory, the integrity of locally adapted systems, in which management practices and knowledge are embedded, needs to be protected, but not isolated, from external driving forces. Agro-pastoral communities need to adjust to the demands of population increase, commercialisation and modernisation by building upon, not abandoning, existing linkages between the natural, social and economic domains. However, it is not enough to have suitable management institutions at local levels if they are not nested in institutions at the regional and national scale. Locally adapted management practices need to be integrated in regional, national and supra-national institutions. A nested political and economic framework allows local communities to access market and governance services, enabling regional development of sustainable agro-pastoral systems that safeguard ecosystem health, food security and livelihood security.
